Abstract. We present the second part of a detailed statistical study focussed on the effects of tidal interactions and minor mergers on the radial and vertical disk structure of spiral galaxies. In the first part we reported on the sample selection, observations, and applied disk models. In this paper the results are presented, based on disk parameters derived from a sample of 110 highly-inclined/edgeon galaxies. This sample consists of two subsamples of 49 interacting/merging and 61 non-interacting galaxies. Additionally, 41 of these galaxies were observed in the NIR. We find significant changes of the disk structure in vertical direction, resulting in ≈ 1.5 times larger scale heights and thus vertical velocity dispersions. The radial disk structure, characterized by the cut-off radius and the scale length, shows no statistically significant changes. Thus, the ratio of radial to vertical scale parameters, h/z 0 , is ≈ 1.7 times smaller for the sample of interacting/merging galaxies. The total lack of typical flat disk ratios h/z 0 > 7 in the latter sample implies that vertical disk heating is most efficient for (extremely) thin disks. Statistically nearly all galactic disks in the sample (93%) possess nonisothermal vertical luminosity profiles like the sech (60%) and exp (33%) distribution, independent of the sample and passband investigated. This indicates that, in spite of tidal perturbations and disk thickening, the initial vertical distribution of disk stars is not destroyed by interactions or minor mergers.
Introduction
Although major galaxy mergers seem to be more spectacular and have therefore received the most attention, there is evidence that tidal interactions or the accretion of small, low-mass satellites ("minor mergers") occur more frequently in the local universe (e.g. Frenk et al. 1988; Carlberg & Couchman 1989) . Considering the high density of galaxies in groups and clusters and the fact that a large fraction of their members belongs to the dwarf galaxy population it is not unexpected that we know a large number of galaxies influenced by environmental effects of this order of magnitude. That includes both galaxies with clear signs of tidal interactions that happend in the recent past and those currently involved merging processes (Arp 1966; Arp & Madore 1987; Fried 1988; Zaritsky et al. 1993 Zaritsky et al. , 1997 . A good example is our own Galaxy, that forms a future minor merger together with the Large Magellanic Cloud (M LMC ≈ 2 × 10 10 M ⊙ ; M LMC /M MW ≈ 0.1) and with several other satellites (e.g. Sgr dwarf elliptical) having smaller mass ratios (Irwin et al. 1985; Schommer et al. 1992; Toth & Ostriker 1992; Ibata & Lewis 1998) . However, little is known about the rate of minor merging events, their influence on the structure and kinematics of galactic disks, and the efficiency of evoked perturbations.
In recent years this problem has been addressed by several numerical N-body simulations as well as analytical estimations. It was found that minor mergers and accretion events in the range M sat /M disk ≈ 0.05 . . . 0.2 must be a more common processes in the local universe than previously argued, representing an important mechanism for driving the evolution of galaxies. In particular, it was concluded that one of the most striking structural changes produced by a single merger is a vertical disk thickening by a factor of 2-4, dependending noticeably on the initial disk properties such as the ratio between scale length and -height h/z 0 (Ostriker 1990; Toth & Ostriker 1992; Quinn et al. 1993; Mihos et al. 1995; Walker et al. 1996) . However, the self-consistent simulations recently carried out by Velazquez & White (1999) indicate that these re-sults tend to overestimate the vertical disk heating. They find that the heating factor is closer to 1.5-2, depending mainly on the satellite orbit (i.e. prograde or retrograde) and the mass of the bulge component. Furthermore, the obtained results might still be influenced by counteracting processes such as dissipative gas cooling, subsequent star formation, the presence of several stellar disk components, etc. On the other hand, the observed thinness of typical late-type galaxy disks without indications of tidal interaction/accretion constrains the value of vertical disk heating. It is thus unlikely that such "superthin" galaxies have absorbed more than a few percent of their mass within their lifetime (Toth & Ostriker 1992) .
At present there are only a few observational studies that aim at proving the effects predicted by the simulations. Zaritsky (1995) analyzed observations of nearby spiral galaxies based on magnitude residuals from the TullyFisher relationship, chemical abundance gradients, and asymmetries in their stellar disks. He concluded that even relatively isolated spiral galaxies have experienced accretion of companion galaxies over the last few Gigayears. In their series of studies Reshetnikov et al. (1993) and Reshetnikov & Combes (1996 investigated the effects of tidally-triggered disk thickening between galaxies of comparable mass. They used optical photometric data of a sample of 24 interacting/merging and a control sample of 7 non-interacting disk galaxies. As a main result they find that the ratio h/z 0 of the radial exponential disk scale length h to the constant scale height z 0 is about two times smaller for interacting galaxies. However, the relatively small galaxy samples used in these studies make it difficult to derive reliable estimates on the actual size of the structural changes. This also prevents a consistent check with the results from simulations.
Therefore we started a detailed statistical study in order to investigate systematically the influence of interactions and minor mergers on the radial and vertical disk structure of spiral galaxies in both optical and near infrared (NIR) passbands. Our study is based on a sample of 110 highly-inclined/edge-on disk galaxies, consisting of two subsamples of 61 non-interacting galaxies and 49 interacting/minor merger candidates. Additionally, 41 of these galaxies were observed in the NIR.
In Paper I (Schwarzkopf & Dettmar 2000a ) a detailed description of the project structure and its main questions was given. We reported on the sample selection, observations, and data reduction as well as on the disk modellingand fitting procedure.
In Sect. 2 of this paper (Paper II) the sample and applied corrections are briefly summarized. In Sect. 3 we analyze the radial and vertical disk structure of both subsamples. The global disk parameters, their ratios, and the vertical brightness distribution are investigated. The derived colour gradients are also analyzed. We discuss the obtained results in Sect. 4 and summarize and conclude the paper in Sect. 5.
The data

Sample and observations
In Paper I we found that it is crucial for this study to have two subsamples of highly-inclined/edge-on galaxies (i ≥ 85
• ) that were selected carefully in order to diminish overlapping effects, i.e. a contamination introduced by an uncertain allocation of galaxies to the non-interacting or interacting/merging sample. For the latter sample we therefore used a classification scheme that was introduced by Arp & Madore (1987) . Additionally, for most of the minor merger candidates the mass ratio between the companion and the main body was checked. Finally, we have shown that the distribution of the morphological types between both subsamples is statistically indistinguishable over the whole range studied, i.e. between 0 ≤ T ≤ 9 (Paper I). Although we cannot exclude overlapping effects completely, the remaining uncertainties in the classification of the subsamples were thus reduced to a minimum. A wrong allocation of objects would only lead to an underestimation of the actual differences between both samples.
Since a large sample of galaxies was needed for this study the observations were obtained with different telescopes and during several observing runs between February 1996 and June 1998. Details of the observations and the data reduction can also be found in Paper I.
Distances and corrections
The distances to the observed galaxies with known redshifts were calculated using a Hubble flow with a Hubble constant of H 0 = 75 km s −1 Mpc −1 , corrected for the "Virgocentric Flow" model predicted by Kraan-Korteweg (1986) . The model chosen is characterized by a local infall motion of the Local Group towards the Virgo cluster with an adopted velocity of v vc = 220 km s −1 . It describes the motions of galaxies in the environment of the cluster by a non-linear flow-model. Assuming this model and the adopted Hubble constant, the distance of the Virgo cluster is r vir = 15.8 Mpc.
The heliocentric velocities v 0 needed for this model are listed in Table 5 , column (5). They were calculated from optical/HI-velocities taken from NED 1 . The heliocentric velocities v 0 were corrected for the system velocity v LG of the Local Group via formula (2) in Richter et al. (1987) . The velocity corrections ∆v required for this model were derived from Fig. 3a in Kraan-Korteweg (1986) .
The distance distribution of all sample galaxies with known redshifts (n = 97) is shown in Fig. 1a . The nearest galaxy is NGC 4244 at 3.8 Mpc, the most distant galaxy is ESO 379-G20 at 193 Mpc (Table 5 ). The distribution of distances (a) for the total galaxy sample, and (b) for both subsamples of non-interacting (normal) and interacting/merging galaxies (all distances are corrected for Virgo infall).
distance distributions for both subsamples of 43 interacting/merging and 54 non-interacting galaxies. According to the test of Kolmogorov & Smirnov (Darling 1957; Sachs 1992 ) -hereafter KS -both distributions are statistically indistinguishable: the test result of 0.09 is significantly lower than the value necessary for the 20%-limit (0.22), which is the strongest of the KS-criteria. This is -in addition to the indistinguishable distribution of morphological types (Paper I, Fig. 1 ) -essential in order to avoid selection biases and thus to derive reliable disk parameters.
Since seeing effects become significant for small disk structures such as the scale height of flat disks (for seeing conditions around 2 ′′ and for features ≤ 4 ′′ the error amounts to 20%) all disk parameters listed in Table 5 were corrected in the following way: using the values of predominant seeing conditions (derived from averaged FWHM values of stars in the resulting frames, given in Paper I, Table 2 ) the images were de-convoluted with the LucyRichardson algorithm (standard MIDAS routine). In order to profit from the full vertical resolution -important to distinguish between different vertical disk models used for fitting; Paper I, Sect. 4) -no vertical binning was applied.
Disk models and fitting procedure
In order to analyze and to compare the structure of disk components of a large sample of highly-inclined/edge-on spiral galaxies we developed an improved disk modellingand fitting procedure that is based on a 3-dimensional luminosity distribution proposed by van der Kruit & Searle (1981a,b; 1982a) , hereafter KS I-III. The results presented in the next Section were derived using these disk models. An detailed description of their properties and the determination of global disk parameters was given in Paper I.
Results
The following statistical analysis compares the radial and vertical disk parameters of both galaxy samples based on the optical (R-band) data set. The derived main disk parameters are: inclination angle i, cut-off radius R max , scale length h, scale height z 0 , and best-fitting vertical model f (z). They are listed in Table 5 , columns (7)-(11).
3.1. The radial and vertical disk structure 3.1.1. The cut-off radius "R max "
The distribution of disk cut-off radii derived from the values in Table 5 is shown in Fig. 2 for the samples of noninteracting and interacting/merging galaxies. Both distributions cover a wide range between 4 kpc ≤ R max ≤ 45 kpc, with the same global maximum around ≈ 14 kpc. Slight differences can be detected in a region of large cutoff radii: many of the interacting/merging galaxy disks are concentrated in a strong peak between 8 kpc ≤ R max ≤ 16 kpc, followed by a noticable drop-off towards larger radii. The distribution ends abruptly at R max ≈ 32 kpc.
Disks of non-interacting galaxies show a more regular distribution, decreasing from the maximum at R max = 14 kpc towards larger radii. However, the median derived for both distributions is almost identical at (R max ) norm. ≈ 17.2 kpc and (R max ) merg. ≈ 17.0 kpc, respectively.
Since the slight differences detected between the two distributions are caused by only a few galaxies, the KStest shows that both samples are close to unity and thus statistically indistinguishable (the result of 0.14 is clearly below the critical 20%-limit of 0.22). 3.1.2. The disk scale length "h" In Fig. 3 the distribution of disk scale lengths is shown for the non-interacting and interacting/merging galaxy samples. As in the cut-off statistics, both distributions have approximately the same global maxima, located at h ≈ 4 kpc. The disks of non-interacting galaxies possess scale lengths in a wide range between 1.5 kpc ≤ h ≤ 16 kpc, with a regular decrease towards larger values. The distribution of disk scale lengths of interacting spirals shows a similar behaviour, but with a more sharply truncated end at h ≈ 10.5 kpc. This results in a slightly different median for both distributions at h norm. ≈ 5.6 kpc and h merg. ≈ 4.9 kpc, respectively.
In analogy to the cut-off-statistics, the differences between both h-distributions are only due to a few galaxies (most probably reflecting the slightly different number of galaxies in both samples) and thus marginal. The KStest therefore classifies these differences as statistically insignificant with a result of 0.11, which is clearly below the mentioned 20%-limit of 0.22.
The ratio of radial parameters "R max /h"
Although several studies of edge-on spiral galaxies were focussed on an investigation of disk scale parameters of non-interacting galaxies, only a few have studied the ratio of disk cut-off radius to the scale length R max /h (KS Table 1 . Comparison of radial disk parameter ratios R max /h (this study and literature data). columns: (1) Source: KS I-III= van der Kruit & Searle (1981a,b; 1982a) ; K= van der Kruit (1986); H=Habing (1988) ; SG= Shaw & Gilmore (1989) ; ; BT= Barnaby & Thronson (1992) ; BD= Barteldrees & Dettmar (1994) ; SD I= Schwarzkopf & Dettmar (1997) ; SD II= this study; (2) Ratio R max /h and error; (3) Absolute range of R max ; (4) Mean value of column (3); (5) Number of galaxies used; (6) Range of morph. galaxy types; (7) Distance range of sample galaxies.
KS I-III 4.25 ± 0.6 7.8 -24. One of the reasons might be the fact that for most purposes a disk model consisting of a radial exponentially decreasing luminosity without a cut-off may be a good approximation (Shaw & Gilmore 1989; de Grijs & van der Kruit 1996; Reshetnikow & Combes 1996 . However, the importance of a cut-off radius as a reasonable step towards a more realistic description of the properties of galactic disks and its necessity for a precise quantitative description of the observed radial disk profiles were impressively confirmed by the results of the former studies. The existence of a disk cut-off, although still objectionable within the framework of galaxy evolution, seems therefore now well accepted. This is consistent with the results of our disk modelling procedure (Paper I), showing that the shape of radial disk profiles and thus the derived value for the disk scale length is also influenced by the size of the cut-off radius. Using a disk model without a cut-off would increase the (existing) uncertainties in estimating reliable disk scale lengths.
The ratios R max /h found in this study for both samples of non-interacting and interacting/merging galaxies are summarized in Table 1 . They are compared with the data from literature of published samples of non-interacting galaxies. Fig. 4 shows the R max /h-distribution for both the total galaxy sample and the two subsamples. Due to its statistically significance (108 galaxies) the distribution of the total galaxy sample is very regular and, though the slightly steeper drop-off towards smaller values, close to a Gaussian. The median of the total sample is at (R max /h) tot = 3.59, that of the non-interacting and interacting/merging galaxy sample at (R max /h) norm. = 3.66 and (R max /h) merg. = 3.53, respectively (typical errors are given in Table 1 ). According to the KS-test both distributions are statistically indistinguishable with a result of 0.12 (critical 20%-limit is at 0.21).
The relatively high scatter of the merger-sample, which becomes apparent in a wider basis of the distribution (Fig. 4b ), is mainly due to a radially perturbed disk structure of these galaxies. These perturbations may cause asymmetries in the radial disk profiles and thus substantially errors in the scale length and/or the cut-off radius. Unlike this result it is a remarkable fact that the R max /hdistribution of interacting/merging galaxies shows a very sharp peak at R max /h ≈ 3.4, while non-interacting galaxies are spread in a much wider plateau.
Within the estimated errors the obtained R max /hratios of all (sub-)samples are consistent with other studies (Table 1) . However, this study -dealing with the by far largest galaxy sample for a cut-off statistics and hence with smaller errors -indicates that the R max /h-ratios are lower than previously argued. The mean ratio now seems to be closer to (R max /h) tot = 3.6 than to the value 4.2 often used in the literature. This fact may be explained by selection effects of studies dealing with statistically very small samples of relatively nearby (D ≤ 20 Mpc) and medium-sized (R max ≤ 25 kpc) galaxies, which is the case for some of these data. Therefore, some additional information on these studies are included in Table 1 . A possible correlation between disk parameters and distance will be studied in Sect. 3.2. The distribution of exponential disk scale heights z 0 -calculated by using the absolute z 0 -values in Table 5 , column (10), and the corresponding transformations in (5) of Paper I -is shown in Fig. 5a for the non-interacting galaxy sample, and in Fig. 5b for the interacting/merging galaxies. By comparing these diagrams clear differences concerning both the trend and the median of the distributions can be detected:
The majority (≈ 60%) of normal galaxies is concentrated in a region z 0 ≤ 1.1 kpc, with a clear maximum between 400 pc ≤ z 0 ≤ 800 pc. The distribution shows a sharp truncation towards extremely thin disks at z 0 = 300 pc, followed by a very regularly decreasing part towards thicker disks up to z 0 ≈ 3 kpc.
Unlike this, the distribution of interacting/merging galaxies shows a trend that is completely contrary to that found for normal galaxies: the scale height increases rapidly towards thicker disks, having a maximum between 1.2 kpc ≤ z 0 ≤ 1.6 kpc, and a higher frequency of disks thicker than 2 kpc. The median for both distributions is (z 0 ) norm. ≈ 1.0 kpc and (z 0 ) merg. ≈ 1.5 kpc. It is also remarkable that very thin disks in the range 250 pc ≤ z 0 ≤ 450 pc, as they are frequently observed in the sample of non-interacting galaxies (e.g. UGC 231, UGC 4278, UGC 4943, see Table 5 ), are completely missing in the interacting sample. Since this is not due to the sample selection criteria (Paper I) it is most likely a result of the vari- show a significant lower ratio and do not follow the h/z0-trend of non-interacting galaxies.
ous collective instabilities of such thin disks, in particular against external perturbations as they are commonly evoked by tidal interactions or even minor mergers (Gerin et al. 1990; Toth & Ostriker 1992) . The KS-test confirms that the differences between both distributions are statistically significant: the result of 0.24 is above both the 20% (0.22) and the 15% (0.23) limit of the test. Since it was shown (Fig. 1 of Paper I and Sect. 2 of this paper, resp.) that the absolute disk parameters of both galaxy samples are not affected by selection biases -the distance-and type distribution were found almost indistinguishable -it can be concluded that galactic disks affected by interactions/minor mergers are ≈ 1.5 times thicker on average. We therefore infer that the disk thickening is in fact caused by the interaction or the merging process.
However, it is not yet clear whether this thickening effect was evoked only by a locally increased scale height due to a vertically perturbed disk structure or by global disk thickening. This can be clarified only after a detailed analysis of the vertical disk structure. Therefore, the behaviour of the disk scale height with radial distance, i.e. z 0 (R), and the effects of vertical disk perturbations will be investigated in detail in a forthcoming paper (Paper III, Schwarzkopf & Dettmar 2000c).
3.1.5. The ratio of radial to vertical parameters "h/z 0 "
The ratio of radial to vertical disk scale parameters h/z 0 -hence a normalized thickness -is very suitable for characterizing and comparing the disk structure of edge-on galaxies independently of their distance. It is thus -unlike the absolute values of scale heights -more reliably for a detection of small changes in the vertical disk structure. Fig. 6 shows the h/z 0 -distribution for both samples of non-interacting and interacting/merging galaxies. As it can be seen clearly, the ratio h/z 0 for normal galaxies covers a wide range 2 ≤ h/z 0 ≤ 18 between extreme thick and thin disks. Most of these galaxies are concentrated between 2 ≤ h/z 0 ≤ 12, with a maximum at h/z 0 ≈ 5.3. There is only a slight decrease in the number of flat disks from the maximum of the distribution towards extreme flat disk ratios, i.e. between 6 ≤ h/z 0 ≤ 12.
Unlike this, the most striking feature in the h/z 0 -distribution for interacting/merging galaxies is a very sharp concentration between 2 ≤ h/z 0 ≤ 6, while the flat disks with ratios typically h/z 0 > 7 are completely missing. The distribution peaks at h/z 0 ≈ 3.7, and there is no smooth transition towards thicker or thinner disks on both sides of this sharply truncated distribution.
The ratio of the median values for both distributions and hence a lower limit for vertical disk thickening is (h/z 0 ) norm:merg = 7.1 : 4.3 ≈ 1.7. This factor, however, considerably underestimates the differences between both distributions due to the above mentioned lack of (extremely) thin disks ratios. The differences between both distributions are, according to the KS-test, statistically significant with a result of 0.41 even if the strongest test criterium, the 0.1%-level (limit 0.38), is used.
Together with the nearly unchanged scale lengths (Fig. 3 ) and the differences found between the absolute values of disk scale heights (Fig. 5) it can be concluded that vertical thickening of galactic disks affected by interactions/minor mergers amounts to ≈ 70%. The changes of Table 2 . The dependence of measured disk parameters on distance and morphological galaxy type. columns: (1) Disk parameter used for the statistics (given as median of the distance-subsample and in per cent of the median of the total sample (last column)); (2) Distance range (in Mpc), number of objects (n) within this range, and corresponding morph. galaxy type T (given as median for each subsample and the total sample, resp.).
Disk
Dist 5 -193 3.8 -193 (n = 32) (n = 32) (n = 33) (total sample)
T = 4.8 ± 0.9 T = 5.1 ± 0.9 T = 3.4 ± 0.9 T = 3.9 ± 0.7 the disk structure result mainly from an increase in scale height.
Finally, Fig. 7a shows that the ratio h/z 0 of noninteracting galaxies correlates with the morphological type of galaxies, in the sense that the disks become systematically thinner from early types (S0, h/z 0 ≈ 2 ± 2) to late types (Sc/Sd, h/z 0 ≈ 8 ± 2). Despite the relatively high intrinsic scatter, there is a smooth transition between these two extremes. It should be stressed that -due to the corrections necessary in order to compare disk scale heights derived from different vertical luminosity distributions (exp, sech, and sech 2 ) -the ratio h/z 0 can be higher than 10 for some of the disks. This value represents the maximum theoretical value allowed for stable disks, derived from the so-called "maximum disk" fits (Bottema 1993) . The results obtained are therefore not unexpected, and comparable ratios were also found in earlier studies de Grijs & van der Kruit 1996; Schwarzkopf & Dettmar 1997; Shaw & Gilmore 1989) .
In contrast to this there is no such correlation between galaxy type and ratio h/z 0 for the sample of interacting/merging galaxies (Fig. 7b) . The latter typically possess thickened and disturbed disks, and are therefore concentrated in the lower right part of the panel.
For comparison, the position of our Galaxy disk is also indicated in Fig. 7 . The disk of the Milky Way consists presumably of both a thin and a thick component with h/z 0 ≈ 12 and h/z 0 ≈ 4, respectively (according to Gilmore & Reid 1983 ).
The dependence of disk parameters on distance
As briefly mentioned in Sect. 3.1.3 (Table 1) , the samples of some previous studies seem to be biased towards nearby objects. In order to check if the distance as a free parameter has any obvious effect on the derived disk parameters of this study, we analyzed 3 sub-samples (no differences were made between interacting and non-interacting galaxies) defined by various distance ranges (Table 2) .
To ensure statistically large enough subsamples the total sample (97 galaxies) was split into three subsamples containing about 32 galaxies each. According to the non-uniform distribution of distances (Fig. 1 ) this leads to different distance intervals. Afterwards, the medians for all disk parameters in each distance-subsample were estimated. For a better comparison, these values are also given in per cent of the median of the total sample. Additionally, the averaged morphological galaxy type is listed for each subsample.
As can be seen in Table 2 , there is a clear trend for all absolute disk parameters (R max , h, z 0 ) in the sense that their median values are increasing with distance. This behaviour reflects, however, undoubtly a selection effect and is therefore not unusual for all those studies that are using similar selection criteria: due to the limited spatially resolution of the images the selection of suitable, remote galaxies is biased towards large and bright objects, disfavouring the relative number of physically small galaxies. This is confirmed by the strikingly simultaneous trend for all absolute disk parameters listed, which goes, on average, from 70% and 90% to 145% of the median of the total sample (Table 2 , values in parenthesis). In spite of this Table 3 . Vertical surface brightness distribution of galactic disks. columns: (1) Sample used for the statistics: total= all galaxies; non-int.= non-interacting; int./merg.= interacting/merging galaxies; (2) -(4) Number and percentage of disks with vertical luminosity distribution ∝ exp,-sech,-and sech 2 ; (5) Number of galaxies in the (sub-) sample.
Sample
Vertical Luminosity Distribution ... Number trend the distance-independent ratios R max /h and h/z 0 both stay nearly constant over the whole range. Hence, within the given errors there is no correlation between disk parameters of different distance intervals and corresponding galaxy type. Since the distance distribution of interacting and non-interacting galaxies is statistically indistinguishable (Fig. 1b) , the observed selection effect applies to both samples and does therefore not influence the comparison of disk parameters derived in this study.
The vertical surface brightness distribution
The disk models applied in this study use a set of 3 different functions f (z) in order to describe the luminosity distribution L(z) vertically to the disk plane: f (z) ∝ exp, sech, and sech 2 . These functions were proposed in some fundamental papers by van der Kruit & Searle (KS I-III), Wainscoat et al. (1989 Wainscoat et al. ( , 1990 , and Burkert & Yoshii (1996) . A detailed description of their properties as well as a comparison between different distributions were given in Sect. 4 of Paper I.
The quantitative results and experiences made in this study after fitting the disk profiles of about 150 highlyinclined/edge-on galaxies in optical and in near infrared (NIR) passbands can be summarized as follows (the complete statistics is listed in Table 3 ): -A combination of 3 different luminosity distributions f (z) allows a very flexible description of vertical disk profiles of all galaxies observed.
-The fit quality achieved is better than ± 0. m 2 for nearly all of the non-interacting galaxies investigated both in the optical and in NIR, even at small z.
-The fit quality of galaxy disks affected by interaction/minor merger is, in principle, comparable to that found for non-interacting galaxies. However, some galaxies in the first sample possess vertical profiles with larger deviations from an ideal disk.
-These deviations are mainly due to tidal perturbations on short scales and/or a warped disk. Such features seem to be characteristic for disks in an intermediate stage of interactions/minor mergers. A detailed study of the vertical disk structure will be given in Paper III.
-The statistics for the best-fitting vertical luminosity distribution f (z) -applied to both optical and NIR disk profiles -is as follows (optical : NIR, Table 3 , columns 2-4): (56 : 66)% ∝ sech; (36 : 27)% ∝ exp; (7 : 7)% ∝ sech 2 .
-Thus, the vertical luminosity profiles of nearly all (≈ 93%) of the galaxies are non-isothermal. In fact the profiles are more sharply peaked and preferentially somewhat closer to a sech-than to an exp-distribution.
-Statistically, the fraction of galaxies with a certain vertical luminosity profile (exp, sech, sech 2 ) is independent of the passband investigated (differences < 10%).
-In the optical there is no fundamental difference between vertical disk profiles of non-interacting and interacting/merging galaxies.
-Accordingly, almost the same percentage of (noninteracting : interacting) galaxies shows identical vertical distributions in the optical (Table 3) : (56 : 57)% ∝ sech; (36 : 37)% ∝ exp; (8 : 6)% ∝ sech 2 .
-In the NIR, interacting galaxies display preferentially sech-profiles (76% ∝ sech; 19% ∝ exp), while in the optical this distribution is shifted towards the exp-profile (57% ∝ sech; 37% ∝ exp).
-The results obtained are independent of the morphological type of galaxies.
Disk colour gradients
In order to analyze colour gradients derived from measurements of radial and vertical disk parameters in optical and in near infrared passbands (R/K), the mean ratios of disk cut-off radius R max , scale length h, and scale height z 0 -obtained for both subsamples -are listed in Table 4 . The radial and vertical disk parameters found for K and R passbands in the total galaxy sample indicate that the R-band values are systematically larger, i.e. of the order of (R/K) = 1.30 ± 0.4. In spite of the large intrinsic scatter, comparison with literature data shows that the values (and also the errors) obtained here are consistent with gradients derived by Giovanardi & Hunt (1988) and Table 4 . Optical/near infrared disk parameter ratios. columns: (1) Sample used for the statistics; (2) -(4) Ratio (R/K) of disk cut-off radii R max , scale lengths h, and scale heights z 0 , respectively; (5) Number of galaxies in the (sub-) sample.
Sample
Mean Ratio Number of
total 1.32 ± 0.4 1.26 ± 0.5 1.33 ± 0.4 41 non-int.
1.18 ± 0.5 1.25 ± 0.6 1.25 ± 0.5 20 int./merg. 1.47 ± 0.3 1.26 ± 0.8 1.40 ± 0.3 21
de . They found (F/K) = 1.20 ± 0.42 for the F -and K passbands, and (B/K) = 1.56 ± 0.45; (I/K) = 1.19 ± 0.17 for the B,-I-and K passbands, respectively. While systematically higher optical values have been found for each of the subsamples of interacting/merging (R/K) = 1.23±0.5 and non-interacting galaxies (R/K) = 1.38 ± 0.5, the gradients of the latter sample are, however, systematically higher (Table 4) .
Although the results obtained for the two subsamples are difficult to interpret, the systematic differences found for all colour gradients as well as the good agreement with other studies indicate that these gradients are not due to the large intrinsic errors. It should, however, be stressed that the low S/N ratio in the outskirts of disks of a number of faint galaxies obtained in the near infrared largely prevents a precise determination of the cut-off radius R max . Longer intergration times than the typical 30-40 min (on source) would be therefore necessary in order to derive more reliable values.
Discussion
Considering the small mass ratio between merging satellites and disks investigated here -M sat /M disk ≈ 0.1 -the factor found for vertical disk thickening (≈ 1.6 on average) and thus the efficiency of vertical heating is substantial. This value is, however, significantly lower than the factor of 2-4 obtained in previous studies (Reshetnikov & Combes 1996 Toth & Ostriker 1992 ). The differences can be explained by the different mass ratio between strongly interacting systems (galaxies of comparable mass) investigated by Reshetnikov & Combes, their simplyfied disk model (isothermal) applied to all disks and the neglect of precise disk inclination. In contrast to the set of fully self-consistent N-body simulations made recently by Velazquez & White (1999) the analysis of Toth & Ostriker (1992) ignores the coherent response of the disk and its interaction with the halo. Additionally, their assumption that the orbital energy of the satellite is deposited locally in the disk is clearly unrealistic.
In fact, the increase of disk scale height by a factor of ≈ 1.6 found in this study corresponds quite well with the value of 1.5-2 obtained by Velazquez & White (1999) . However, as already mentioned by Velazquez & White (1999) and in the introduction of this study, vertical disk thickening due to a minor merger crucially depends on many other factors such as the mass and density profile of the sinking satellite, its orbit (prograde or retrograde), the content of gas deposited in the disk, and -presumably most important -on the morphological type of the galaxy. That, in turn, implies that tidally-triggered disk thickening strongly depends on the B/D ratio and hence on the initial disk thickness of the galaxy, which is characterized by the ratio h/z 0 . This is confirmed by the h/z 0 -statistics obtained in this study (Fig. 6) , showing a total lack of thin interacting/merging galaxies with h/z 0 > 7. This result has some direct, important consequences on the evolution of disk galaxies on cosmological timescales (Toomre 1977; Weil et al. 1998 ) and would also constrain the different scenarious discussed for disk heating (Jenkins & Binney 1990 , 1991 Sanchez-Salcedo 1999; Valluri 1993) . Therefore a more detailed study of the parameter space using our supplementary N-body simulations, combined with the obtained results, will be given in a forthcoming paper. The mentioned good quantitative agreement between simulation and observation, however, indicates that -in spite of the rather simple approach and the number of open questions on the details of minor merger processes -the changes of the vertical disk structure must be of this order (Kleinschmidt et al. 1999; Schwarzkopf & Dettmar 1998 , 1999 , i.e. somewhat lower than previously argued. Furthermore, it is still an open question whether the radial disk structure of galaxies suffering interactions/minor mergers within the mass range studied here changes significantly. The differences between both the disk cut-off and scale length statistics obtained (10% and 20% on average, resp.) are just on the level of statistical significance and do therefore not allow for an interpretation. On the other side, there is observational evidence that radial disk shrinking is a typical aftermath of tidal interactions between galaxies with comparable masses (Reshetnikov & Combes 1996 . If so, this should also apply to smaller interactions and, in particular, to minor mergers . For further clarity on this point it is therefore necessary to analyze the radial behaviour of such galactic disks in greater detail and on the basis of an expanded galaxy sample, preferably supported by N-body simulations.
The fact that nearly all galactic disks investigated (93%) possess vertical luminosity profiles which are more sharply peaked than an isothermal distribution reinforces the results of previous observational studies (e.g. Schwarzkopf & Dettmar 1997 ) that have ruled out the validity of the sech 2 -distribution as an adequate quantitative description for most galactic disks, especially close to their plane. This fact, together with the result that almost the same percentage of interacting and non-interacting galaxies shows an identical vertical disk structure (with differences smaller than 2%, see Table 3), indicates that regional damaging effects, asymmetries or perturbations evoked by tidal interactions are nonpersistent phenomena with lifetimes significantly shorter than disk thickening. Furthermore, it implies that interactions/minor mergers within the investigated mass range are not capable to destroy the initial vertical disk structure.
Summary and conclusions
In this work a detailed statistical study is presented in order to investigate the effects of minor mergers and tidal interactions in the range M sat /M disk ≈ 0.1 on the radial and vertical structure of galactic disks. The fundamental disk parameters of 110 highly-inclined/edge-on disk galaxies are determined in optical and in near infrared passbands. This sample consists of two subsamples of 61 noninteracting and 49 strongly interacting/merging galaxies, respectively. Additionally, 41 of these galaxies were observed in the near infrared. The main conclusions can be summarized as follows:
1. The structural changes of galactic disks affected by interaction/low-mass satellite infall are most noticeable in the direction perpendicular to the disk plane.
2. While the majority of non-interacting galaxies possess a typical exponential disk scale height of z 0 ≈ 700 pc, disks of minor mergers were found to be systematically thicker with z 0 ≈ 1.3 kpc.
3. On average, galactic disks affected by interactions or minor mergers have ≈ 1.5 times larger scale heights and thus vertical velocity dispersions than unperturbed disks.
4. The ratio of radial to vertical scale parameters, i.e. the normalized disk thickness h/z 0 , is ≈ 1.7 times smaller for the interacting/merging sample.
5. Ratios h/z 0 > 7, as they are typically for flat galaxies, are completely missing in the interacting/merging sample. This implies that vertical disk heating is most efficient for such (extremely) thin disks.
6. The radial disk structure of interacting/merging galaxies, characterized by the cut-off radius R max and scale length h, shows no statistically significant changes.
7. The vertical luminosity profiles of all galactic disks investigated show the following distribution (independent of the sample and passband): 60% ∝ sech; 33% ∝ exp; 7% ∝ sech 2 .
8. Thus, the majority (93%) of galactic disks possess nonisothermal vertical luminosity profiles and is somewhat closer to a sech-than to an exp distribution.
9. There are no fundamental differences between the vertical luminosity distribution of non-interacting and interacting/merging galaxies. Hence, the intrinsic distribution of disk stars keeps largely retained during and after interactions/minor mergers. Barteldrees & Dettmar (1994) .
